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[57] ABSTRACT 

Apparatus for transmitting and receiving information 
blocks, particularly video information, is arranged so that on 
receiving a corrupted information block it stores a ?rst 
receiver buffer address at which the data block should be 
stored if subsequently successfully repeated in a later infor 
mation block. The apparatus keeps track of the time taken to 
receive a requested repeat information block and on receiv 
ing the later information block at the predicted time, and on 
determining that it is uncorrupted, stores the data in the 
receiver buifer at the stored buffer address. Such apparatus 
can allocate received, repeated and non-repeated data blocks 
to their correct relative positions within the receiver buffer 
without the need for numbering of the data blocks on 
transmission giving a consequential reduction in the size of 
the data blocks being transmitted. 

38 Claims, 14 Drawing Sheets 
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BUFFER ALLOCATION TO REPEATED 
INFORMATION BLOCKS IN DATA 

TRANSMISSION, PARTICULARLY VIDEO 
TRANSMISSION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to apparatus for receiving informa 

tion blocks, each of which includes a data block, from a 
further apparatus in a duplex communications system and in 
particular to such apparatus which is arranged to determine 
if a received information block has been corrupted by 
transmission and when it has, to request the further appa 
ratus to repeat the transmission of the data block of that 
information block, the data blocks being stored in a receiver 
buffer. 

2. Related Art 
When exchanging information over a noisy channel infor 

mation blocks can be corrupted so it becomes necessary to 
implement an Automatic Repeat request (ARQ) scheme if 
the lost data blocks are to be obtained. Of the known 
conventional ARQ schemes of stop~and-wait, go-back-N 
and selective repeat (SR), the last is the most e?icient in 
terms of throughput as only those data blocks in corrupted 
information blocks are retransmitted. It is especially attrac 
tive to use such an SR scheme in cornruunications systems 
with the noisiest channels, for example those using radio 
links, where many repeats may be needed. 
The repeated data blocks when received in a later trans 

mitted information block will generally need to be placed in 
a particular position relative to the data blocks already 
received. This is achieved in prior art systems by including 
as part of each data block a data block number which the 
apparatus can use to identify the data block and so position 
it appropriately. 

SUMMARY OF THE INVENTION 

According to the present invention, apparatus is arranged, 
on receiving a corrupted information block, to a) store a ?rst 
receiver buffer address being the address at which the data 
block of the corrupted information block is to be stored if 
repeated in a later information block b) determine in which 
later information block the repeat transmission of the data 
block is expected to occur; and c) store the data block in the 
receiver buffer at the ?rst receiver buffer address on receiv 
ing the later information block uncorrupted. 
On receiving a corrupted information block, the apparatus 

stores nine address where the data block should have been 
stored if not corrupted. When the later information block 
containing the repeated data block is received by the appa 
ratus, the data is (if not again corrupted) stored in the 
appropriate place in the buffer. Because the apparatus pre 
viously determined that this information block would con 
tain the required repeated data block it can, when it arrives, 
store the data block at the required place in the buffer given 
by the stored ?rst receiver buffer address. This can be 
without reference to any data block number which is now 
unnecessary and so can be omitted. 

The present invention can therefore allocate received, 
repeated and non-repeated data blocks to their correct rela 
tive positions within the receiver buffer without the need for 
numbering of the data blocks and with a consequential 
reduction in the size of the data blocks being transmitted. 
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2 
If the later information block is itself corrupted the 

original ?rst receiver buffer address is retained and the 
apparatus again determines which later information block 
will have the next repeat of the required data block. If the 
later information block is not corrupted it will be stored in 
the receiver buffer at the stored ?rst receiver buffer address. 

This ARQ scheme can provide error free transmission on 
a noisy channel in one direction provided the return path is 
error free. Problems, however, occur when errors are intro 
duced in both directions of the link. If an acknowledgement 
of a received information block is corrupted to become a 
non-acknowledgement, the contained data block would be 
repeated in a later information frame when neither required 
nor expected and so would be stored a second time but in an 
incorrect position in the receiver buffer if, on the other hand, 
a non-acknowledgement of a received information block is 
corrupted and is received as an acknowledgement, the data 
block in the later information block will not be the expected 
repeat data block but a ?rst transmission of a new data block. 
This data block is not to be stored at the ?rst receiver buffer 
address but at the next consecutive buffer address. Both 
cases will cause errors due to incorrect data block ordering 
in the receiving apparatus. Further, in the second case the 
transmitter will not retain the earlier possibly corrupted data 
block and so this can never be retransmitted. 

It is preferable in these circumstances that the apparatus 
provides In each transmitted information block a Repeat 
Flag which indicates whether the information block contains 
a repeated data block and that the data block of the later 
information block is stored in the receiver bu?’er at the ?rst 
receiver buffer address only if the Repeat Flag of the later 
information block is set. This prevents a falsely repeated 
block being incorrectly stored. 
The data block ‘of a corrupted information block may be 

stored in the receiver buffer if the information block has not 
previously been determined to be one expected to include a 
repeat transmission of a data block. This could cause an error 
if the data block had been corrupted and is not properly 
repeated due to further corruptions to overwrite the entry in 
the buffer but it will provide no error in these I circum 
stances if it was part of the information block other than the 
data block that had been corrupted. 

In a preferred embodiment of the present invention the 
apparatus is further arranged to transmit information blocks 
having header data by which the apparatus can associate a 
transmission address with each information block and by 
which a like further apparatus can associate a receiver 
address with each information block and in which the 
receiver address in each information block is set to corre 
spond to the transmission address of the information block 
last received by the apparatus. 

With such an arrangement the apparatus can determine in 
which later information block the repeated transmission of a 
data block is expected to occur. This can be calculated from 
the transmission address of the information block last trans 
mitted and the receiver address of the information block last 
received. The difference between these addresses is the time 
in information blocks necessary for an information block to 
pass to the further apparatus and for an information block 
containing the received address to get back to the originating 
apparatus. The apparatus can therefore determine when the 
information block containing the repeated data block is 
expected to arrive on the basis of this path delay plus any 
?xed overhead due to processing time at the transmitting 
apparatus, for example to receive a given number of suc 
cessive acknowledge hits (as will be discussed later). 
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Preferably the apparatus is arranged so that sets of n 
consecutive information blocks are transmitted as a frame of 
information blocks, the header data of the information 
blocks including a Transmitted synchronisation Bit (TSB) 
and a Transmitted Frame Number Bit (TFNB), the TSBs and 
TFNBs of the 11 consecutive information blocks of a frame 
forming an n-bit synchronisation sequence and an n-bit 
frame number, respectively, and further including a 
Received-synchronisation Bit (RSB) and a Received Frame 
Number Bit (RFNB), the RSBs and RFNBs of the n con 
secutive information blocks of a frame forming an n-bit 
synchronisation sequence and an n-bit frame number, 
respectively. 

In order to simplify the synchronisaton of the received 
information blocks it is preferred that each RSB and RFNB 
is the complement of the TSB and TFNB of the information 
block last received. 

For n=8 there are 2,048 different addresses as there are 28 
distinctly numbered frames and eight distinct distinguish 
able addresses within each frame. Once an apparatus has 
synchronised to a stream of incoming information blocks by 
means of the TSBs in consecutive information blocks, in 
well known manner, the address associated with a transmit 
ted frame can be determined from the frame number and the 
position of an information block within the frame. Similarly 
the RSB and RFNB, which correspond to the last TSB and 
last TFNB received by the further apparatus, can be used to 
determine the receiver address of the last information block 
received to enable the round trip' time in information blocks 
between two apparatus to be calculated. 

The TSB, TFNB, RSB and RFNBs can be very robustly 
‘ protected from errors using ?ywheel circuits. By using a 
?ywheel circuit to generate the addresses necessary for 
storing and transmitting required data blocks, operation can 
continue even when the .incorning information blocks are 
corrupted. The ?ywheels can be arranged to generate the 
receive and transmit addresses until a given number of 
consecutive information blocks are corrupted, for example 
16, with the count of corrupt blocks being reset to zero as 
soon as an information block is received uncorrupted having 
the correct TSB and TFNB. 

It has been found that with this ARQ scheme the part of 
the information block header most seriously susceptible to 
errors is the acknowledge ?ag (ACK) which can cause 
corrupted blocks not to be repeated. This can cause particu 
larly serious errors in systems communicating highly com 
pressed data such as found in encoded video signals. Such 
signals are highly compressed and so need to be very well 
protected as errors will persist until refreshed which can be 
several seconds. 

Corruption of the ACK ?ag can also cause non-corrupted 
blocks to be spuriously repeated. This does not cause errors 
but does reduce the efficiency of the link. 
The ACK ?ag can be repeated several times within an 

information block to attempt to increase the error tolerance. 
However, examination of the fade vectors characteristic of a 
radio link shows that long bursts of consecutive errors occur 
which can invert all the several successive ACK bits. This 
would again cause errors, albeit less frequently. In order to 
make such an ACK scheme reasonably robust, the ACK bit 
would have to be repeated many times which would reduce 
the efficiency of the system because of the large number of 
data bits being transmitted. 
A scheme which has been found to be far more preferable 

in these-circumstances is to use a header for each informa 
tion block which includes an acknowledge bit which indi 
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4 
cates whether the last received information block was cor 
rupted and m further acknowledge bits each of which further 
acknowledge bits indicates whether a distinct earlier 
received information block was corrupted, the set of 
acknowledge bits being associated with m-l consecutive 
information blocks. 

With this scheme the receiving apparatus has to wait for 
m+l consecutive, ACK ?ags to arrive before being able to 
determine that a block was received uncorrupted. This 
scheme requires m+l ACK bits in the header of each block, 
referring to the current block, the previous block, previous 
but-one-block, etc. As the bits referring tov any particular 
block are effectively spaced m-l information blocks apart, 
the scheme is much more robust than having them all within 
the same information block. The penalty to pay for this 
scheme is the added path delay of a further In information 
blocks. The apparatus requesting a retransmission of a data 
block needs to take into account the fact that the further 
apparatus will not retransmit a data block until the last 
acknowledge bit has been received. This penalty however is 
small when compared with the main round trip ARQ delay. 
The currently preferred number of ACK bits is at least three 
for an H.261 coded video signal transmitted over a DECT 
interface having a bit error rate (BER) of up to l0'2. 

For maximum robustness a data block should be retrans 
mitted if any one acknowledge bit of the m+l acknowledged 
bits indicates an information block was received corrupted 
by the further apparatus. Other schemes may be used, for 
example majority voting or an odd number of acknowledge 
bits. 

The TME error ?ag generated by the receiver could also 
be used in conjunction with the ACK bits to make the 
decision making process of what information blocks have 
been properly acknowledged more robust. It should be 
appreciated that a TME ?ag may indicate no errors even if 
errors have occurred so the TME ?ag cannot be taken as 
infallible con?rmation that an acknowledge bit in an infor 
mation block which has no TME signal associate with it is 
correct. The use of TME error signals in conjunction with 
acknowledge bits may allow a fewer number of acknowl 
edge bits ie two rather than three for example, yet still attain 
as robust or more robust an acknowledge system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An embodiment of the present invention and its principle 
of operation will now be described, as applied to a commu 
nications system for transmitting a compressed video signal 
over a radio link in which the output bitstream of an H.261 
video coded is transmitted over a DECT radio link, with 
reference to the accompanying drawings of which: 

FIG. 1 is a schematic drawing of a communications 
system employing apparatus according to the present inven 
tion for providing video transmissions over a radio link; 

FIG. 2 is a schematic drawing of one of the apparatus of 
FIG. 1; 

FIGS. 2 and 4 are tables showing the structure of he 
information blocks and frames of information blocks, 
respectively, using the apparatus of FIGS. 1 and 2; 

FIG. 5 is a more detailed schematic diagram of the 
apparatus shown in FIG. 2; 

FIG. 6 is a table showing an exemplary sequence of 
typical ACK bit outputs from the apparatus of FIGS. 2 and 

FIG. 7 is a schematic diagram of the circuit board of the 
apparatus of FIG. 5; 
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FIG. 8 is a circuit diagram of the transmitter side con 
troller of the apparatus of FIG. 7; 

FIG. 9 is a circuit diagram of the transmitter store of the 
apparatus of FIG. 7; 

FIG. 10 is a circuit diagram of the main controller of the 
apparatus of FIG. 7; 

FIG. 11 is a circuit diagram of the receiver side controller 
of the apparatus of FIG. 7; 

FIG. 12 is a circuit diagram of the receiver address 
generator of the apparatus of FIG. 7; 

FIG. 13 is a circuit diagram of the path delay calculator 
of the apparatus of FIG. 7; 

FIG. 14 is a circuit diagram of the FIFO of the apparatus 
of FIG. 7; and 

FIG. 15 is a circuit diagram of the receiver buffer calcu 
lator of the apparatus of FIG. 7. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

The system shown in FIG. 1 was designed for transmitting 
video over radio links and is based on the CCI'IT Recom 
mendation H.261 and the proposed DECT standard. Data 
rates of 64 kbit/s-384 kbitls were studied, ie where H.261 
and DECT overlap. DECT is the emerging Digital European 
Cordless Telecommunications standard due for rati?cation 
by ETSI in 1992. It will be a Time Division Multiple Access 
(TDMA) system utilizing both halves of a duplex link 
operating on the same frequency and working in the 1.9 HGz 
band. The data part of the bitstream is split into 10 ms DECT 
frames with each DECT frame consisting of 24 time slots. 
Normally the ?rst time slots are used to transmit from the 
Radio Fixed Part (RFP) to the Cordless Portable Part (CPP) 
and the last 12 time slots are used for transmission in the 
opposite direction. Each time slot can be allocated to one of 
ten frequencies and can hop to another available frequency, 
on a frame basis, in the event of the signal to noise ratio and 
bit error rate on this current frequency becoming too poor for 
adequate transmission. Each time slot carries 320 user bits 
so the maximum channel capacity is 384 kbit/s. The essen 
tial difference between a radio channel and other existing 
transmission facilities is the error performance. The error 
characteristics have three main constituents: 

i. random errors occurring as a result of low RF signal 
levels; 

ii. short error bursts coming from certain types of inter 
ference and extension of single random errors by 
modulation techniques; 

iii. long error bursts due to deep fading, shielding or 
frequency hopping. 

The BER for a radio link is typically between 10-2 and 
10“5, signi?cantly worse than for a ?xed link. 
Fading errors were simulated using the BT Lab’s Wide 

Band Fading Simulator (WFS). The WFS produces bit error 
vectors for the performance of DECT in an Additive White 
Gaussian Noise (AWGN) environment with Rayleigh fad 
ing. Analysis of the output of the WFS showed that fades had 
two main characteristics: 

1. fades produced very high intensity bursts of errors with 
clear periods between fades; 

2. the error rate during the fade was very high with 
possibly more than half the bits in error. 

It should be noted than in a full DECT implementation, 
handover will occur when the error exceeds approximately 
l0'3. In the simulations only about 5% of corrupted blocks 
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6 
had error bursts which were correctable by even a powerful 
error corrector. 

Referring to FIG. 1 a communications system comprises 
a pair of apparatus 102 and 104, each according to the 
present invention, linked by a radio link established between 
radio antennae 106 and 108. Each of the apparatus 102 and 
104 has an H.261 encoder 110 which accepts video signals 
as an input and encodes them as a bitstream of coded video 
signals on line 112. A DECT interface 114 converts a 
respective bitstream on line 112 into a format suitable for 
transmission by a DECT standard transmitter 116. The 
apparatus 102 is associated with a single encoder 110. The 
apparatus 104 connects the DECT interface 114 to a remote 
encoder 110 via interface network 118. The network 118 
could be a radio link or some ?xed land lying link, for 
example. 
DECT transmissions from each of the transmitters 116 are 

received at a respective receiver 120, the received signals 
being passed via the respective DECT interface 114 for 
conversion to a bitstream suitable for decoding by a respec~ 
tive H.261 decoder 122 to provide a video output signal. 

Referring now to FIG. 2 there is shown in more detail the 
DECT interface 114 of the apparatus 102 of FIG. 1 showing 
the three processes carried out on the data ?owing to and 
from the H. 261 encoder/decoder 110/122 and to and from 
the DECT transmitter 116 and DECT receiver 120. 
The ARQ scheme of the present invention is controlled by 

an ARQ board 206 which controls the interface of the H.261 
encoder/decoder 110, 122 to the DECT transmitter/receiver 
116, 120. The coded bitstream from the encoder 110 is 
passed to a video multiplexer 204 which combines the 
compressed video data blocks in the bitstream 112 with 
some internally generated items of the header information 
required for the information block namely the TSB and 
TFNB together with a stu?’ block bit which is inserted when 
there is no video data block to be included in the next 
information block to be transmitted. This function of gen 
erating these items of the header of the information block 
could be performed by the ARQ board 206, but in the present 
case it was found more convenient to reprogram the video 
multiplexer 204 to carry out this function. 

Buffer control signals are passed from the video multi 
plexer 204 to the encoder 110 via line 113 to control the 
operation of the encoder in known manner. 
The video data block, header bits and control signals are 

passed to 21 Forward Error Corrector (FEC) 212 via a data 
and control bus 210. The FEC 212 employs a Reed-Solomon 
(63,59) code although any other system of forward error 
detection could be employed. The FEC provides a check bit 
calculation and adds a checksum to the information blocks 
to put them in a suitable form for the DECT transmitter 116 
to transmit them. 

Received information blocks from the DECT receiver 120 
are input to the FEC 212 which determines whether the 
information block has been corrupted and outputs a too 
Many Errors (TME) signal on bus 214 as appropriate. As 
will be explained later, the FEC indicates if the data has been 
corrupted but does not attempt to correct any errors. 
The information blocks together with the error ?ag and 

control signals are passed via bus 214 to the receiver side of 
the ARQ board 206. 
The ARQ board 206 determines which information 

blocks, if any, should be output via a data bus 216 to a video 
demultiplexer 218 for passing onto the H.261 decoder 122 
via output line 220. _ 
The information block structure employed in this embodi 

ment of the present invention is shown at FIG. 3. It has a 
header containing the following sections: 
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a Transmitted synchronisation Bit (TSB), which com 
prises one bit of an 8-bit synchronisation word sequence; 

a Transmitted Frame Number Bit (TFNB), which com 
prises one bit of an 8-bit frame number; 

a Repeat Flag, which indicates whether the information 
block contains a retransmitted data block; 

a Stuff Flag, which signals if the information block 
contains normal data or stuffing data; 

a Received synchronisation Bit (KSB), which is set to be 
the complement of the last transmitted synchronisation bit 
received by the decoder; 

a Received Frame Number Bit (KFNB), which is set to be 
the complement of the last TFNB received by the decoder; 

a series of three Acknowledgement Bits (curr ACK, prev 
ACKl, prev ACK2), which indicate respectively whether 
the current, the last and the second last information blocks 
received by the distant apparatus were received uncorrupted; 

a video data block; .and 
check-sum bits. 
In the present embodiment which is transmitting video 

data it is only necessary to include a single bit stuff ?ag 
which indicates whether the data block is stulf data or coded 
video data. Other applications may need no stuffing block 
for example audio, whereas other application may need a 
more complex indication of the type of data included in the 
information block which may require more bits than the one 
bit of be present embodiment. 
A series of eight information blocks, as shown in FIG. 3, 

form a frame of information blocks as shown in FIG. 4. The 
eight transmitted synchronisation bits of consecutive infor 
mation blocks form an 8-bit synchronisation word sequence 
whilst the corresponding eight transmitted frame number 
bits form an 8-bit frame number. The 8-bit frame number 
gives 23 possible addresses. The synchronisation word can 
be in one of eight different positions giving a further eight 
addresses for each information block number equal to 2,048 
addressable information blocks. 

in the present case the synchronisation word chosen was 
00011011 and the frame numbers cycle from 0000000 
through to 1111111 on consecutive frames. The TSBs and 
the TFNBs are used to calculate an address for any infor 
mation block within the transmitted frames as will be 
described lazer. Similarly the RSBs and RFNBs are used to 
provide addresses of information blocks but the complement 
is used so that the apparatus does not attempt to synchronise 
to the RSBs but rather to the TSBs. The information as to 
which information block was last received by the distant 
apparatus can be derived in an analogous fashion from the 
RSB and RFNB. 

FIG. 5 shows a simpli?ed block diagram of the interface 
114 of FIG. 2 to which reference will now be made to 
provide an overview of its operation. The ARQ scheme of 
the present invention includes the following principal opera 
tions: transmitting data blocks, retransmitting data blocks 
which arrived at a further apparatus having information 
blocks transmission errors, receiving data blocks into a the 
receiver buffer and inserting repeated data blocks into the 
correct position in a buffer. 

Compressed video data from the H.261 encoder (see FIG. 
2) is passed to the video multiplexer 204 via bus 112. The 
video multiplexer 204 assembles the information blocks into 
the format shown at FIG. 3 and generates the block 
addresses and time slot lengths which as with the header 
information previously referred to could instead be gener 
ated by the ARQ board 206. 

During normal operation, ie when no repeats have been 
requested, the next block of compressed video data from the 
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8 
H.261 encoder is stored in a forward store 502. The address 
at which the data block is stored in the forward store 502 is 
calculated from the TSB and TFNB by a transmitter address 
calculator 504, and used by a multiplexer 506 to address the 
appropriate memory location in the forward store 502. In 
this normal mode of operation the data block is also passed 
to an output multiplexer 508 which assembles the RSB, 
RFNB header bits which, as described earlier, are the 
complement of the TSB and TFNB of the last received 
information block. 
The information block is then passed via the data/control 

bus 210, under the operation of a select signal from the ARQ 
controller 500 to the output multiplexer 508, which passes 
the information block to the FEC 212. The FEC 212 
performs a check bit calculation on the information block, 
inserts the appropriate check bits in the information block 
and passes the completed information block to the DECT 
transmitter 116 (see FIG. 2) for transmission to a remote 
apparatus. 

If, on the other hand, a repeat request has been received 
from the remote further apparatus, an information block 
containing the required repeated data block is to be passed 
to the DECT transmitter 116 instead. In this instance the 
required data block is not obtained from the video multi 
plexer 204 but is extracted from the forward store 502. In 
these circumstances the ARQ controller 500 passes a hold 
signal via a line 501 of the bus 208 to the video multiplexer 
204. The data to be read from the forward store 502 has an 
address given by the RSB and RFNB of the last received 
information block. The actual address is calculated from the 
RSB and RFNB by a receive address calculator 510 which 
address is passed to the multiplexer 506 to provide access to 
the required data block stored in the forward store 502. 
The required data block is read from the forward store 502 

and stored once again but this time at the address of the 
information block in which it is going to be retransmitted. 
This is achieved by using the transmitter address calculated 
by the transmitter address calculator 504 which transmitter 
address is provided to the multiplexer 506 for this purpose. 
By storing the repeated data block at the new transmitter 
address it is available for a yet further repeat transmission if 
that information block is itself corrupted. 
The size of the forward store 502 is dependent on two 

factors; the number of allowable repeats of the same data 
block and the round trip delay between the two apparatus 
forming the duplex communications system. As discussed 
previously the round trip delay is the time measured in 
information block periods between an information block 
containing a transmitter address being transmitted and the 
same address arriving as a received information block 
address at the apparatus. With the round trip delay of 20 and 
two repeats allowed the forward store must be able to store 
40 data blocks together with an overhead dependent on the 
number of consecutive acknowledge bits that are to be 
received before a given data block is acknowledged as being 
properly received. 

It has just been described how a repeat transmission of a 
data block can be triggered in response to information 
received from the remote apparatus on failure to have a 
satisfactory acknowledgement. The ‘received information 
blocks also contain compressed video data from the remote 
apparatus, which if non-corrupted are to be passed to the 
H.261 decoder 122 of FIG. 1. 

Consider ?rst normal receive operation. In this case a 
received information block from the DECT receiver 120 of 
FIG. 1 is received and passed to the FEC 212 which provides 
an Too Many Errors (TME) signal to the ARQ controller 500 
which indicates whether an error has been detected. 
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If no error was detected, the received data block in the 
information block is stored in a buffer 512 at a write address 
calculated by an address generator 514. A new write address 
is provided by the address generator 514 whenever a non 
repeat, non-stuff block is received. The address generator 
514 also provides a read address for the next data block to 
be extracted from the buffer 512 to be passed via bus 216 to 
the video demultiplexer 218. The read address is generated 
by subtracting an offset from the write address. The offset 
must be greater than the path delay multiplied by the number 
of retransrnits allowed plus allowance for the multiple 
acknowledge bits if used. This could be calculated dynami 
cally but the system of the present embodiment uses 
switches to set up the offset. This offset is kept constant by 
not reading from the buffer and sending NOPs to the video 
demultiplexer 218 if a repeat or stuff block is received. 

If a corrupt block is received at the DECT receiver 120, 
the FEC 212 signals this to the ARQ controller 500 by the 
TME signal which stores the current write address generated 
by the address generator 514 in a FIFO store 516. 
The FIFO 516 must be big enough to store a number of 

addresses equal to the path delay multiplied by the number 
of retransrnits available to cover the worst case of every 
block being in error, plus an allowance for the additional 
delay if multiple acknowledge bits are used. 
The interface 114 also includes a path delay calculator 

518 which compares the transmitter address of the informa 
tion block last transmitted from the apparatus with the 
receiver address determined by the receive address calcula 
tor 510. The receiver address generation is protected by a 
?ywheel circuit to counter corruption of received informa 
tion blocks. Since the received address was the transmitted 
address sent out previously, the path delay or the time taken 
to go to the remote apparatus and back again can be 
calculated in terms of information block periods by a 
differencing operation together with any offset required for 
successive acknowledge bits. The path delay which is about 
20 blocks for 128 kbit/s link, is used to determine in which 
lazer information block the repeat transmission of the data 
block is expected to occur. 

This is achieved by securing the TME ?ags in a store (see 
FIG. 13) each of which is read out a path delay later. The 
value of the TME ?ag read out at any time gives the required 
indication that the currently received information block is or 
is not expected to contain a repeated data block. 
The ARQ controller 500 will, if the information block 

containing the repeated data block is non-corrupted and the 
data block is a non-stuff block, use the buffer address 
previously stored in the FIFO 516 to store that repeated data 
block at the appropriate position in the buffer 512 so placing 
the repeated data block in its correct position relative to the 
other received data blocks. In this case data is not read out 
from the bu?er 512 and passed to the video demultiplexer 
218 as the write address has not been incremented by the 
address generator 514 which in this embodiment maintains 
the offset between the read and write pointers from the buffer 
512. 
When an information block arrives which has not been 

previously determined to contain a repeated data block but 
which is received corrupted, then that data block is stored in 
the buffer 512 even though a repeat transmission of that data 
block will be requested. If the data block is not successfully 
repeated then that data block will be output to the video 
demultiplexer in due course notwithstanding that it may 
have a possible error in it. If the data block is successfully 
repeated then the non-corrupt data block will overwrite the 
possibly corrupt data block already in the buffer 512. 
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When the apparatus receives a corrupted data block it will 

transmit consecutive information blocks in which the three 
ACK bits are set accordingly, an example of which is shown 
at FIG. 6 in connection with corrupt information block 
number 2. The Curr. ACK ?ag of block 2, the Prev. ACKl 
flag of block 3 and the Prev. ACK2 flag of block 4 are set 
to 0 to indicate corruption of the information block 2. 
The ACK signals for a given information block are spread 

over three consecutive blocks which number was selected 
because of hardware limitations. The ACK bits are trans 
mitted to the remote apparatus as part of the data stream of 
information blocks. 
When The apparatus of FIG. 5 receives information 

blocks, the ACK bits arrive at the ARQ controller 500 which 
stores the Curr. ACK for two blocks before use and the Prev. 
ACKl for one block before use. The Prev. ACK2 bit is used 
immediately. This means that a delay of two information 
blocks is introduced for repeated data blocks so the forward 
store 502 must be two blocks larger than it would be if only 
one ACK bit were used. Also the address difference gener 
ated by the address generator 514 must account for this 
delay. 

in the apparatus of FIG. 5 the ARQ controller 500 
compares the three ACK bits for a given information block. 
There are two possible errors in the return path. Firstly, an 
information block may originally be ?agged as being uncor 
rupted but one or more of the ACK bits is subsequently 
corrupted and a repeat is incorrectly requested. Secondly, a 
repeat transmission of a data block is required and requested 
but the ACK bits are corrupted in successive information 
blocks and the request to repeat a data block is not received. 
The second case is the more serious because the remote 

apparatus will be expecting an information block to con 
tained repeated data but instead a block of new data will 
arrive. The data block of the corrupted information block 
cannot then be repeated because the address of that data 
block in the forward store 502 will have been lost. An error 
will appear on the screen of the decoded video signal when 
the corrupted block which had been stored in the buffer 512 
arrives at the video multiplexer 218 of the remote apparatus. 
The use of three ACK bits greatly decreases the likelihood 
of this error occurring but it does mean that more blocks are 
repeated than are absolutely necessary, because the ?rst 
situation is more likely to occur, which does waste some 
transmission time. However, because the video multiplexer 
requests the H.261 coder to hold when a repeated data block 
is transmitted it should reduce the number of stuff blocks 
that need to be sent. The overall reduction in throughput 
should not, therefore, be too great. 
The ?rst error noted above will not cause errors on 

reconstituting the video signal because the remote apparatus 
will not be expecting a repeated block and on inspection of 
the repeat ?ag will determine that it should simply ignore the 
received data block and discard it. 

It has been found that an error detector provides much 
more reliable detection of errors than an error detector/ 
corrector with the same number of check bits, with a small 
amount of correction ability drastically reducing the detec 
tion reliability. The FEC 212 of FIG. 5 is therefore used 
solely to provide the TME signal to the ARQ controller 500 
and no attempt is made to correct the information block, 
rather reliance is placed on obtaining a repeated data block 
in a later information block to correct the possibly corrupted 
data block just received. 
The ARQ scheme employing three ACK bits in successive 

information blocks copes well with high intensity error 
bursts but high continuous error rates also need to be 










